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INTRODUCTION
Sources and causes of waterbody impairments and threats should be addressed basin-wide to target the priority measures for the protection and restoration of water bodies to ensure a long-term good ecological status. Approaches describing the current state of surface water bodies under a holistic perspective are crucial to assist in management strategies and measures. One of the most widespread problems of inland waters is eutrophication (Berlekamp et al. 2007; He et al. 2011; Chinh et al. 2011; UNESCO 2012) when surface water bodies are affected by nutrient loads. Phosphor is normally the limiting nutrient in the aquatic environment (Von Sperling 1996) in that case, its increased input will lead to unwanted proliferation of algae and macrophytes, resulting in potential ecological degradation. Therefore, it is necessary to control the causes and sources of phosphor in order to reduce inputs into water bodies. MoRE (Modeling of Regionalized Emissions) was used to calculate the current input situation of phosphorous loads in the catchment of upper Iguazu River. The MoRE system comprises approaches for the estimation of emission pathways of 14 pollutants related to point and diffuse sources on a basin scale (Fuchs et al. 2010) , (Fuchs et al. 2012) The MoRE model originated as part of the German Environment Agency´s demand, to develop a database and modeling application covering all German river basins aiming on an appropriate description of rivers status. It is a model designed to support decision-making processes. It has the potential to examine limits from guidelines in order to achieve good ecological status of surface water bodies.
STUDY AREA
The study area is the upper Iguazu basin, located in South Brazil, between latitudes 25°10' and 25°50' South and longitudes 48° 50' and 49° 50' West ( Figure 1 ). The area extends over 2964 km² with 27 tributaries. Within the basin, the capital of Parana state is located, with 2.934.700 inhabitants (2010 census) in the greater area. The soil use of the basin includes highly urbanized areas (15%), intensive agricultural activities (47%) and a high density of industries (about 9000 industries). At the same time, a high number of surface water supply sources are present in the basin, including five reservoirs in operation and one in construction. Downstream of the investigation area further reservoirs for hydroelectric use are located at the Iguazu River. Consequently, the Upper Iguazu River basin is an area of high tension between water demands and deterioration processes.
This creates the urgent need to develop a proper diagnosis to define basin management plans and their future monitoring.
MORE SYSTEM

Model construction and data
The MoRE model for Upper Iguazu was set up by implementing observed data (see Figure 2) Raw data is listed in Table 1 . All data in this study is processed within a GIS environment as input data of MoRE, e.g. soil loss map and slope map.
The MoRE system allows for the estimation of emission pathways related to point sources (municipal wastewater treatment plants, direct industrial discharges and emissions from historic mining) and related to diffuse sources (sewer systems, surface runoff, erosion, groundwater, tile drainage, direct atmospheric deposition onto water surfaces and inland navigation).
Point source estimation
The emissions are calculated based on the volume and a measured concentration, leading to mass fluxes. The wastewater treatment plant´s (WWTP) data is obtained from the sanitation company SANEPAR, which provided averaged data for the WWTPs. The information about industrial discharges was available only in paper form, for that was include only the flow discharge that was available by each geographic point. To accelerate the data input process the concentration of the industrial effluent in the catchment was considered to be equal to the effluent discharge requirements presented in the industry guidelines for the industries (The World Bank 1999), according to the type of industry. For this purpose, the types of industries, who are known to emit phosphor, according to the guidelines for the industries, were selected. The discharge was estimated from the water users grant registration by the Instituto das Águas do Paraná including average and maximum values.
Diffuse source estimation
The pollution sources, which are not controlled and reach the water body without treatment, are considered as diffuse sources in the model. MoRE calculates these sources using 6 modules:
(1) Emissions generated as a result of erosion from agricultural areas and natural vegetation; (2) Emissions that could reach the river directly by agricultural drainage; (3) Emissions from areas of direct runoff; (4) Emissions by atmospheric deposition; (5) Amount of substances that is transported through the groundwater and (6) Uncontrolled emissions from urban areas. Urban systems in this case include diffuse rainwater drainage that carries substances into the river without any treatment and deficiencies in the network of sewage collection and treatment plants.
Total emissions by erosion (1) are based on the calculation of soil loss by the USLE (Universal Soil Loss Equation), the phosphorus content in the top soil, the sediment delivery coefficient ratio and the enrichment factor. The modules (2), (3) and (5) are estimated with the mass flow and respective concentration along the path. The atmospheric deposition (4) considers surface deposition rate average on the water surface found in literature (Migliavacca et al. 2005; Anderson & Downing 2006; Zhai et al. 2009; Shen et al. 2013 ). Module (6) generates an estimative of phosphorus load that can reach the water body in an uncontrolled manner, based on population numbers and per capita contributions, as well as the overflow from combined sewer systems under high rainfall situations.
Verification
In the verification step, the discharge and phosphorus emissions were set in relation to data from 29 monitoring stations in the upper Iguazu river basin. The observed Phosphorus loads were calculated through the discharge and phosphorus concentration.
The phosphorus concentrations in the monitoring stations were collected every 15 days and afterwards the mean value was calculated for the use in the model
The accuracy between simulated and observed data was computed as follows:
3.2.1 Nash-Sutcliffe efficiency coefficient:
Where is the i th observation for the constituent being evaluated, is the i th simulated value for the constituent being evaluated, is the mean of observed data for the constituent being evaluated, and n is the total number of observations. T is the ith observation he Nash-Sutcliffe efficiency coefficient (E) can vary from −∞ to 1. Values < 0.5 indicate unsatisfactory while values near to 1 have a very good performance (Moriasi et al. 2007; Krause et al. 2005 ).
Percent bias (PBIAS):
Where are observed and S simulated values, bias shows the average tendency of the simulated data to be larger or smaller than observed data. The optimal value is 0. 
Coefficient of determination (r²):
Likewise the PBIAS, are observed and S simulated values. The range of describes with values between 0 and 1 how much the observed dispersion is explained by the simulation (Krause et al. 2005 ).
Root mean square error (RMS-error):
Where are observed and S simulated values. The lower the RMSE the better the model efficiency (Boyle et al. 2000; Chai et al. 2014; Hengl 2009 ).
RESULTS & DISCUSSION
Estimation of phosphorus emissions
The specific phosphorus emissions calculated by MoRE are shown in Figure 3 , which represents the sum of all point emissions and the diffuse pathways for every analytical unit. Figure 3 visualizes the emissions per km² in the upper Iguazu basin on the AU-resolution scale. It resembles helpful information for the purpose of taking corrective or protective measures in the basin to control water quality. The estimate denotes a high incidence of phosphorus by direct entry, pointing out that the Padilha, Belém, Atuba and Barigui river basins, which are urban watersheds, are those with the highest export The Nash-Sutcliffe coefficients are close to one for both analyzed variables. That means that the predictive accuracy of MoRE in this case is excellent.
The coefficient R² close to one shows a good correlation between the observed and modeled data. The positive values of PBIAS considering all data (Table 2) indicate that MoRE produces a slight underestimation bias. However, if the data is divided into two groups with a threshold of 50 ton/year, loads smaller than 50 ton/year has a negative bias (-80 ) and values larger than 50 ton/year have a positive bias (8.5).
The difference between the simulated and observed values was expected, since the model calculates emissions and the observed data are loads in the river. The model does not consider transport and retention in the watercourse, but only the release of the substance into the water bodies of the basin. Another aspect is related to the water quality monitoring data. Sampling is discrete, every 15 days, and does not allow computing an accurate average, since water quality has strong variations along time. There is also the problem that, sometimes, flow measurements were not available for the same time when the water quality monitoring was performed. Data were also collected during low flow events and there are few data in high intensity rainfall events.
CONCLUSIONS
MoRE shows to be a support tool for watershed management that allows a holistic vision of emission in the interest area. This model offers a detailed view of all activities that may export some contaminant to the river. It gives necessary information to take measures to control the causes of the problems. Looking at this scenario, decision makers have an idea of what is needed to improve phosphorus retention and sanitary systems.
In the relevant basin water quality data and further information is scarce. Since data is always the constraining factor for modeling a model should be able to produce good results also with limited available data. In this study, industry-related data quality is low and only the largest WWTPs are considered, however the used MoRE implementation in Upper Iguazu is a starting point to a first analysis and even restricted data shows to be enough to serve this purpose. It can be substituted over time as better information becomes available, yet the presented study shows high already existing potential.
To obtain more accurate results and verify the efficiency of implemented measures more and rational investments in monitoring programs are necessary.
The watershed planning process is geographically defined, and the issues about water resources management always require geographic aspects, data and vision.
